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Using RAPD markers to detect the population genetic structure of Pseudotaxus

chienii (Taxaceae), an endangered and endemic conifer in China
WANG Ting', SU Ying-Juan” ", OUYANG Pu-Yue’, HUANG Hong-Wen', CHEN Chun-Quan’, ZENG Xiang-Ming’,

DING Bing-Yang*, JIN Xiao-Feng', HU Shao-Qing’ (1. Wuhan Botanical Garden, Chinese Academy of Sciences , Wuhan 430074, Chinas
2. School of Life Sciences, Sun Yat-sen University , Guangzhou 510275, China; 3. Jinggangshan Natural Reserve, Jinggangshan 343600, China; 4. College of
Life Sciences , Zhejiang University , Hangzhou 310029, China; 5. Hangzhou Botanical Garden , Hangzhou 310013, China ). Acta Ecologica Sinica ,2006,26(7) :
2313 ~ 2321.

Abstract: Random amplified polymorphic DNA (RAPD) markers are a useful tool for plant population genetic studies. However,
as these markers are dominant, heterozygotes and homozygotes for a particular locus are indistinguishable as they will produce a
band of similar amplification intensity. This makes it impossible to calculate allelic frequencies directly from RAPD profile data and
limited their usefulness in the survey of genetic differentiation among plant populations. To obviate this problem, a Bayesian
hierarchical model was presented in terms of the classical F-statistics for partitioning genetic diversity as assessed with dominant
markers; and, through the use of Markov chain Monte Carlo (MCMC) simulation, the posterior distribution of §° , an analogue to
Fg;, can be numerically approximated. Pseudotaxus chienii (Taxaceae) is an endangered conifer endemic to China. In this
research, 11 of its relictual populations located in Zhejiang, Jiangxi, Hunan and Guangxi provinces were examined using RAPD

markers. The degree of genetic differentiation among these populations was estimated by Bayesian approaches and several
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conventional methods as well. With a burn-in of 50000 iterations and sampling run of 250000 iterations from which every 50th
sample is retained for posterior calculations, the estimate for ° was obtained as 0.5018 and its 95% credible interval is [0.4672,
0.5322]. The Gg; and ®gp values are 0.5865 and 0.5436, respectively. Interestingly, when using Shannon’s index of phenetic
diversity to quantify and further partition the amount of genetic diversity, it was found that 48.39% of the total genetic diversity
occurred among populations, very close to the 6® estimate. Comparison with the estimates based on RAPD analyses of other conifer
species indicated that a significantly high degree of genetic differentiation occurred among populations of P. chienii, possibly
because: (1) its natural distribution has long been restricted in disjunct isolates characteristic of a fragmented population; (2) the
species is dioecious, tending to grow under dense canopy, which hinders the female cone from being pollinated; and (3) the
sample collection covers almost the entire range of the species, a large geographical distance. Mantel test showed that the degree
of population genetic differentiation is significantly related with geographic distance (r =0.719, P =0.003). In addition, a low
level of RAPD variation was revealed within P. chienii. We propose that the low amount of genetic variation is the result of
bottleneck effects as well as genetic drift from small population size. In terms of the above results, the development of conservation
strategies for P. chienii was discussed.

Key words: Pseudotaxus chienii; RAPD dominant markers; Bayesian approaches; population genetic differentiation; conservation

strategies

FEHLY 38 £ 540 DNARAPD) AR BLE & N A F ARG REFHR . EANFTERE RARK.
EFRBEPEFARYHOFIGER, MALEERWIFEINEESHE"Y . M T2RBELYH L
RAPD if R —SB\EMY, flin, LR FTHFHNAR HEMB D A ETXHMEERGE. BL,RAPD AT
FEBESTNUTFERABHSE S, BREKME, RAPD EA—MEBH S Firid, “RFER M REFE—
BRI NRAT AR =Y, AR E X S REGEMAGE FENFTREEEEAESMERMAERY,
&%t RAPD fE R B AR ICELR I T T E RN EE, R ER B THIRYT . Stewart Ml Excoffier™ it b
T Hardy-Weinberg F 8 K MR A1 — E B EEEREF AL R WA C X B FEOMBXFHERE, 25T
A H RAPD EH RBILIERE A RAPD B R REN T, B H A ZPEERERTBESLE X
fim BEKERLRTEDTHEDHT(AMOVA)ER A A AS FREBIEMG AR RIEEN . ER, Hardy-
Weinberg P MFHAEETRAEAIEBEFARHE T LRFEW ENA BAROHBE(REEEY
FEE) MELCE PR R IEBENLZELD, T B % T B 71 #9338 2 $ (Inbreeding coefficient) SE 2R Z T, N T HIF
$[B0 368 X 46 {8 37 , Holsinger %' 5% A D1 vH- S 4831 B B , LA Wright'®' 1 Malécot” & X F S i+ B N ERY , 4 Fb
BHHETEEAY ARSI TR SR, M8 X 8 M50 888 17 42 B 45 (Hierarchical
structure) 3T ¥k . MG R B , BER AR AL S MEEFRE B HAXMB/IBELT, MEMAE S
WRRE Fo

H A2 ( Pseudotaus chienii (Cheng) Cheng) iy ¥ SR AR BU/NEA , B ik 4m, BEHE T 8 , 0 T BUBAT A FRARR
BREEAE, RAKEE 20 =2, RREREFRFHYY . 2X L AGCHEARLBERAELRE
( Pseudotaxus Cheng),UﬂEﬁE*ﬁﬂ'(TﬂX&ce%)[s] c BEEAEHIER IAAEHE. WEERMALH. i
AR RIS H A, EKIETEIR 800 ~ 1 500 m, M E B IRIBES AAFMHEE L, HFHXR
MEZRETA4AR, MBI AER - REP2HREY,

S AR GEA N E KBS RS R B R TR A R R0, R B £ B A R AR R
WL BRI e — R AR AR R SR U AR Y S, T B A A KA
VI IREE AL, F5 AEEHBRKIERREEIGHR, BE SRR T, %A 76 H Rk
RRRBER SN . B4R M, AT 505 A RAPD #ARE I M B 58 i 407 0t (3 42 R AR B (0
G5 TR
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1 #WRRAE
1.1 KBwH

HESHIR B L BEATHEEN 1L ARAME(R D. BEREKTILHEEFN . BERE
PTERBE L, BIRFE 900 ~ 1 400 moFEARBURIT 01 Bk, BENLE B R R, A FBE R B R 10 mo RE
RIBT Jr A E S B R EE B T4 U3, B HEZ R EE - 20°CR%

R1 AEUHBONELSK
Table 1 Origin locations of sampled populations of P. chienii

X 38 MELIS5RS” 3 A4 B3R (m) AR
Provenance Population location and code Geographical coordinate Altitude Sample size
EEH SO KA 5 (2a) 118°45'E 28°15'N 1000 7
WILH O S TENE BT (Zb) 118°56'E 28°43'N 870 8
EIH O S FTENERT(Z) 118°56'E 28°43'N 950 8
Hi{L Zhejiang IR D 5 T ENNK O (Z1d) 118°57'E 28°43'N 830 8
EILH O 2 T 2R KT R (Zle) 118°57'E 28°43'N 1100 8
e & R Wk [ (23 119°10'E 27°52'N 1100 10
Je 5% R B 1L 3 1 25 (Z]g) 119°11'E 27°52'N 1100 10
YT Jianexi FH X W E %0 (JXh) 114° 10'E 26° 35'N 1350 10
Jiangxi
3 M LB F 1l (JXi) 114° 10’E 26° 35'N 950 2
¥ ® Hunan KR FHALE X F L (HNj) 109°30E 28°50'N 1050 10
]~ P4 Guangxi B K8 1 (GXk) 107° 33'E 22° 36'N 1250 10

% F[E the same below
1.2 ZBFHE %2 FTF RAPD S RIMH 5| ¥ B A 5

1.2.1 DNA %E’y %}ﬁi’ii&ﬁ‘]i‘fiﬁ%i?‘%?ﬁ@b Table 2 Random oligonucieotide primers and sequences for RAPD
BE(CTAB) i o W% % 41 R W M LA H05E DNA W

59 5 (5'—=3") 59 B3 (5'—~3")
*ﬂ%g ’ ﬁﬁgﬁ?ﬁ&%ﬁ(ﬁg DNA %%'H‘: o Primers ~ Sequences (5'—>3') Primers Sequences (5'—>3')
1.2.2 gl%mﬁjﬁ ML?@EIZ\-&I%&B{J loo/l\ s77 TTCC CCCC AG $430 ACAA CTGG GG

S85 CTGA GACG GA 8456 TCGG CGGT TC

10 BEFEVLE RS 9 g L 20 M =R 5182 CCTC TGAC TG $471 AACG CGTC GG
B EEWFHEIY R )M ARFKERLA DNA 5188 TICA GGGT GG 5504 CCCG TAGC AC

e §224 CCCC TCAG GG S506 GTCT ACGG CA
]&'ﬂ‘#iﬁ ° S310 CCCT AGAC TG $1026 TGCC GCAC TT
1.2.3 RAPDP HERN ZWMTBMRAEKEGTEH $346 TCGT TCCG CA S1226 GGCG CGTT AG
ER ﬁi % jb LB {ZIUF,D\ 25“1’ ﬂ ;P 10 x PCR 2% (;P " §397 AGCC TGAG CC 52002 TGCT CGGC TC

5404 GGCG GTTG TC 52028 TCGT CGAA GG

100,20mmol/L MgCl,) 2.5ul, 5[4 0.3ul (1.5pmol/L),

dNTP 0.5p1 (0.2mmol/L) ,#4R 1p1(70ng), Taq B 0.5.1(0.5U) , R MBS 20 GEEMB R, ¥ &4
94°C200s AL ;94°C 30s, 36°C 30s, 72°C 60s,40 MEI;72°C A 10min, B [ B 7 PTC-100TM Peltier
Thermal Cycler(EE MJ A R) E#1T, P R&ZYE 1.4% 0TI EEE BB KR M, 254nm £5MT T ME B,
1.3 BRI '
1.3.1 EHMAEE AEFEMUAL, FYHABREANEE/NT 0.9, WA SHFIZEME, 2T
A 5 He 3R BN FE B AR R I 437 8 o B AL SR G B EL
1.3.2 Shannon REIZHEVEFEE  FIF Shannon REI ZREMEI BT H M EF A MFRF A B2 B4, HEL
AA:

H = Zn’ilnn’i
A, mi HREFR PE—FHEES | MAHP AR,
1.3.3 WHETST2HT R A Holsinger S BT W78, Kb f M6 FBIXMMT F Rt EPH Fof Fyro
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RAGERE K ANHEE T EMHERE ;BN EMARER AL A2 WRHSAER, A1 3 A2 BB SRR
RS TR

I

P(f,6" ,p,m | NyNp) o (H(Hyffg;gﬂgg;gP(rik | ”i,eﬂvf))P(”i))P(eﬂ)P(f)

B, V0 a M Vo ABIRFEE L PR BRI AMBMEREMIAE, N, o TN, B RFEEE P REEAL
FEWRRMBEERNEE, PO P )N FMO MERS, P(r) hEANEA LEAEREFHEM
%Bﬁﬁ?ﬁ,P(‘m Iz, 0%, HRESHOENFRREMRYLEEE, #ETIEFT Hickory v1.0 A4 R A
IR Bl R4k i 52 4% K 18 (Markov chain Monte Carlo, MCMC) B BUEEIRE f M 6° WEREE, AHERAHFHE
34 B 50000 M 2 (burin-in; 50000) . 3% 14 38 17 250000 K (sample: 250000) .4 50 K G B H B R F — KA
(thin:50) B 44 £ 1 0° 1B AR BT S HEK 959 BRF XN,
1.3.4  FFF PopGen32 4" 115 YRI5 o7 2 B A 0 2 o B R 5 6 B 09 28 b PO R R 8 ) ) B R
LR, WA Adequin 2.0 A HBEHRRNEBFHFERE HFUKEIBAIGETT T HEIN
(AMOVA) ; [FIBE {5 FRIZ 3K #4038 5 Mantel 620 8% 2 F BE1R] 0 67 A 316 7 b 39 B B9 22 1) A0 A K 0
1.3.5 R UPGMA ¥ Jaccard MU ME REGHITIRAE M. X R BB 4 P B FI NTSYSpe2 B4 47 £
B4 5347 (PCA) o
2 SR
2.1 AEEMHBENBREER

B4T RAPD 4317, 5198 WA RSEMAHMYNARMEER, XAEL, EAATHER, M
100 1 10 MEREHLT | P PR 20 MERBEN BT HAVEEHTFNGIY(E2), ERIFHBRES, LA
FAIX 20 NS4 BT 1 45 R BRI 4R E A AT 4T A A

201X A EAZ 11 AR BEILIT 91 KA DNA BE S AT 838, 8 3 264 KR &H, KN T 300 B
2000bp Z 8], BABIPY HHHRHFRN TS5 Z 22 2 M, FHEANF PP ¥ 13.20 &%, 841351986
KB SR, EAMNEEIERN 76.14%

SEEPSFERESMARE EEMNALE MEFVNERB AREMNERR ERA LR R Shannon
BHSMERRTERABHERN MBI FEREEZ MY T L, R KEE, ERSEHEH—FE
N MERBREESREEKIMIES, AR, ILAE=, MHEHRIE(ES),

£3 RA201 RAPD BEHLSI MR IO ELHBEMBINGEITER

Table 3 Summary statistics revealed by using 20 RAPD random primers to detect populations of P. chienii
EEHLAK ZEMALE URFLERAE AHREMEFER N ZEZHME  Shannon HHE

ﬁ]ﬁ =8 . Num of Percentage of Observed num Effective num Nei’s gene Shannon’ s
Population Num of loci . . - . . .

polymorphic loci polymorphic loci of alleles of alleles diversity index
Zla 205 65 0.3171 1.3171 1.1984 0.1149 0.1324
Z]b 208 72 0.3462 1.3462 1.2165 0.1239 0.1315
Zlc 214 75 0.3505 1.3551 1.1889 0.1121 0.1454
Z)d 202 75 0.3713 1.3713 1.2373 0.1351 0.1370
Zle 202 70 0.3465 1.3465 1.2055 0.1188 0.1267
)t 194 61 0.3144 1.3144 1.1964 0.1132 0.1176
Zlg 200 74 0.3700 1.3700 1.2384 0.1356 0.1282
Zhejiang Total 233 137 0.5880 1.5923 1.3196 0.1881 0.1867
JXh 198 62 0.3131 1.3131 1.1938 0.1109 0.1146
IXi 187 19 0.1016 1.1016 1.0718 0.0421 0.0508
Jiangxi Total 204 72 0.3529 1.3529 1.2114 0.1224 0.1251
HNj 199 46 0.2312 1.2312 1.1394 0.0810 0.0899
GXk 219 98 0.4475 1.4475 1.2464 0.1449 0.1665
B3t Total 264 201 0.7614 1.7652 1.3998 0.2367 0.2362

2.2 HEEMBENBEESL
HTMAEERAMBENAETRAELZ2HBE TR, FUATIUHET S, £ESH R0, 1)1 8-


http://www.cqvip.com

D000 http://www.cqvip.com]

7 EE %P RAPD fRiCO T BIEHEY H S M B KA 41 2317

SHYER FRERSA AR TR AERERITME R . XFEFE burin-in: 50000 .sample: 250000 LA} thin:
50 B9 MCMC 24744 T , BT B 542 264 > AL 4 5K B8 SC AT UE B I 5 18 B M 5 10 4% R 20 A FIBURE #
BERLE 1, HICKTRER, REIBEE T 2BSHE . REW £ HETE F=0.5087,95% BEE X8 K
[0.0275,0.9735]; 6" f& 111 8" = 0.5018,95% B A X 1] [ 0.4672,0.5322 ] ; 4 2 {5 B % 1 ( Deviance Information
Criterion, DIC) BUE ) 3714.6567, HESL b, iR ¥ burin-in: 5000, sample: 25000 & thin:5 B &% {4 1 7] LI 348
WAL R f=0.4946,95% B {5 X [d] % [0.0225, 0.9722]; 6% = 0.5004, 95% B {= X [a] 3 [ 0.4656,
0.5322]; DIC = 3709.8248, WiFPIBE KA T BB MR R BLHE BT S /RB R4 1R I sl s T R &
i f MBS X AR 0° #5118 %, % B Holsinger £ BT W RIXT 07 WM HLI £ MM

24 F 10 F
19 I 0.8 K,
2
g2 st Zosl
& &
# 10} ® 04 |
& ®
5+ 02
0 t t t + | 0o 1 : 1 ] I
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
0.54 F 1.0
0.53 ¥ 0.8
0.52 0.6
2 -
0.51 04
0.50 0.2
0.49 | 1 1 i | ) 0 I I - ] 1
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
5% Index ¥ Index

P 1 e RAPD BUEME I 0° Fif FRMESHABEHEICR

Fig.1 Posterior distribution and sample traces for 8% and f estimated from the RAPD data

5 &k, FAEZE burin-in: 50000 ,sample: 250000 PAK thin: 50 BT 4& & T, 0% F Hi& N 0,34 DIC BLE
h 3781.4330, X[ £ M\ SCIAE R 43 A BEAL B BT F7 783 B B9 DIC {8 3714.6567 2 66 BLAL LA L, SRR FRE A
F4 3 ] 729 4% %2 B .4 B9 Hardy- Weinberg P45 F RO T, '

A FR B S RAPD BB THE H I Nei R ML RE 6, ™ X 0.5865, AMOVA B3 &, {H
29 0.5436( P <0.001), 38 F Shannon &%) L H P48 HOK th i Fh B 18] 38 1% £ B £ BT & Lo 49 [ (Hsp-Hpop ) /Hsp ]
0.4839,

AN, BEEFEEIR 0° EMMIEEE 2 A A B E XM (r=0.719, P =0.003) , & Wright B “BE B B E
% 55 (Isolation by distance) ” & #®)
2.3 BEMERL T

BH20MHEVGI MY SRR, 91 BRI N AR RAPD HE &AM . FlAH UPGMA ¥ # T
Jaccard FI A ¥E R B B A MEFATRE AW Z Bk BWIL ILH . A B AR B4 B # BN o 2 3T B
WA TR I FRERE — 25 2 B33, — A4 ZALHE Z]a Z)b Zlc F1 Z)d, T 55 — 43 LA 1% Zle (ZJE H Z]g
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(B 2), % RAPD ¥ 2 BRIBUR #E4T £ R4 57 (PCA) 3R718 B9 1 18] M8 101 M 4% J) TR e S 3 7 VL YL V5 T 7 D
VEMRREAA RSB (E 3); REMET 3 MFEMD PCL.PC2 X PC3 A HI R FH 36.78% .24.29%
15.53% (3£t 76.60% ) B 2 . TEASHN 3 B4 434 2R 0 2 A 4k 38 2 R0 T 9 3 7 SR VR [ 77 7 B B SR B, R
ARREHHMEXERBES S HRERAR (K 2,3),

WZla Oz *k Zlc X ZI1d ——— ¢

®Zle OZIf O Zlg AJTXh
AJXi @ HNj O GXk

L
Zhejiang

dltvieiedeios £ 0 2 d o d g prpcatn B2 c o o m 2o ta manuien [ LT L)

1L

- e
Jiangxi
T r—{_‘——gg G
Guangxi
| i
6

L

Huw nan

L
0.60 0.69 0.78 0.87 0.9
Jaccard #5{UlfE & } Jaccard similarity coefficient

B2 Ak Jaccard M R E L UPCMA B BHW RE
Fig.2 Dendrogram established from Jaccard similarity coefficient between individuals by UPGMA method

3 itig

FE Wright® > B3 H#9 Fig, Fr R F B F S BERM L N H— B RBE I, I & Co G BE T4
S AT BE B 1 15 25 7 S b B PO R0 E AP BERD A 43 B o Nei B9 35 47) 2 1 5 25 o 6 DR 457 5 of 00 5 7 B 1) 3%
AR BFEW N HEA/E T HHE: (1) Wright 8 F £ BERTENMNEMAEHRFEMEENKNEEL, T Ne
MATBEEFLBRENEM EEMNERNNEE; QN WHEABFTEBRRE BEMTIB X EHAL B
B, AT, FERENE ESIREEMAFERBEMERN , KT F M 6, 2RMEHN™ , By, 4%
RAPD #RiC ¥ 0 2 A B ZEE 47 0 4 B, T3 2 N A Nei B9 Go BR 2 Wright B9 Fo, iSE 3 B X B, Stewart
Excoffier” i+ 8 @, H7 %K AMOVA #42, AT i 3 S A H RAPD BB+ B i G, 1HK 0.5865.
D, fH K 0.5436, A& Nt BTGB B 6° 6 0.5018 ZHIH K, X —FE L H I TN RAPD & S IEHH
BREBSEMERAR, - FERHTRZASEERRENGER, FEEKITELIB T UKIE., ¥ RAPD ¥
WHITERAERBBIEL I, £ B Shannon 18 FIH B H K FPBE (R 13 & ZREHE BT 5 HLBI 4 0.4839,3X R 6° B9
fEIHE 0" BNEIE, BT 0° 1 95% BI5X A X [0.4656, 0.5322], Gt % L EHAEZRITRAEAER,
Xt 2 BHHEY) Platanthera leucophaca RAPD 4% #E 4T 49 I M- 37 £4 1 A1 Shannon 7§ A+ $r 18 B M 2, XM


http://www.cqvip.com

D000 http://www.cqvip.com]

78 T % . RAPD MR AEY B E R ENRELSH 2319

ROIEX MR E RS TR T, 0 RAPD &R
W RIBIEE %, R P Shannon $8 Bk B 2 7 B i 18
EERMAREN R LN —MAIHEZNER. &
% AT B 15 8 5B, Dawson 2™ #1 Meekins 2% 4
#F5% 78 53 Shannon X B AR ICE REE N E
HA AT B RE A BUR

AR Mo 40 12 26 48 9 85 I RAPD A7 iC 40 30 2 9 7 ¥
WIS 4y 4k 65 AR ——81 I, X ™ B i A2 (Araucaria
bidwillii, O = 0.3771)' B F| B ¥ # ( Araucaria
araucana, @ = 0. 128)[26] 3B % ¥ ( Picea mariana, X1
R RE K /MR IEH Fyr = 0.053, RIER M Fg = oo
0.027)""" # M #4 ( Pinus contorta, G, = 0.162)™ 4L 3%

3 EF RAPD REMRIER ERS 247 (PCA)

481 #2 ( Pinus banksiana , Gs; = 0.155)"" (51 R #4 ( Pinus Fig.3 Principal components analysis (PCA) based on RAPD phenotypic
oocarpa, Gy = 0.112) [ B /R # M ( Pilgerodendron garacters
uviferum , &5, =0.1855. G5 = 0. 159)™ & Fi#a( Fitzroya cupressoides , s = 0. 1438)BY | Podocarpus salignus ( &g =
0.070)" L\ B Bk ¥ £ &. 4% ( Tasus baccata, B = 0.1803) " —E G MBI A4 TR E B EMBE L
(6° =0.5018. G5 = 0.5865 Dy = 0.5436) » X7, M 7 I ARAEY AR , BB IARAFEY T LB B H
EMEHMERELEN . AEERE L FRHEY BN SRE maK ZRFIIHREENNER, ETRHEE
B4 1.43~ 171 ZERTHGT L BBINE ™ . ATE FRBBH RN TILKE 300 RKA %, 1
BB EAREE 2 ~ 1400km; BB FBERNANER L, WAL AN BHERE., REESERGANESZHE—2m
BMTHEEHRMBENFBA BEL LATSERN TRERN, EMEHE LEY KIBLTEBS RS,
M T A A R BB AR R B R AR S AR 12N, (N, RAERFME A/ DA B KM
SR N, MKHEMBEARENZESEMEAAATERESUNEERER, B, AEBBER K,
FHRETHRTHMKREEABEERZE, M THKREB B, ANTI#H— 2B N, (BEHR N, =4N,N,/
(N, + N,), N, RN, 5350 fh i il BERR RO 3BT ), 18 ol 38 06D ) 34 o

Mantel 3R A TR BEE M REIHEEMBIEERZ BB EMKX(r=0.719, P=0.003), FEAH
P AGEHBENBEERT &R 1400km #9385 B , X W B 30 B 0 o] 20 70 B 18] 4 000 20 /5 B2 38 4% 4
6o Nybom F Bartish™ %t & B9 FI Fl RAPD LR T MR BB A B R AP MER BT T B MNEREE
FERAHEE R M CEEEE 2 EMRE; RN, MEMEALL, & T RAPD #1287 LIS W B3 £ {u
SOETME MM 5“3 Pt € B 3 (Isolation by distance)"ﬁﬁﬂg}fﬂieﬁgqm]o 3T RAPD REIBEHTH
UPGMA REM PCA S8R, REWILVLE .S HAMENMEE BN I H, EREEF, R Za.
ZJb.ZJc F1 ZJd 4 DR EESN A Fl— i S WM BN AN ER A THESS X, ARMBEHNMEES XA L
AHUABEAFHAR, XEERRU, N THE HERTNAESMHE, MERGZ N EER . BiGE,
AGRLKEYE R KR AR o THEB DRSNS YER, TR, XEEY¥HERBRAREFATLE
R % B T ot PR EL I , S T B (] o R O, RN T A o e ) g A A fe i 5 — TR

BECREN - SRAREYRE SN RAPD H T E R, B W, KM & ¥E (Araucaria bidwillii,
Shannon 5% 0.6243)[25] B R B ¥ (Araucaria araucana , Shannon 53¢ 0.65)[26] B =¥ ( Picea mariana , KRB
BB A /MRIE WS EAE H, =0.328, RIFEH R BELAE H, =0.330)" LM #3 ( Pinus contorta , h =
0.143)®" Jt 2 %5 ™ % ( Pinus banksiana , h = 0.156 )" _ 5§ 5 #3 ( Pinus oocarpa, h = 0.358) | & /R #% #
( Pilgerodendron uviferum , Shannon 8 #{ 0.730. H, = 0.712)™ % F| #3 ( Fitzroya cupressoides, Shannon #§ ¥
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2320 2 F ¥ B 26 %

0.547)0! « Podocarpus salignus (Shannon $5 %% 0.69)1 DL R R S T 36 INZL 4 ( Pinus resinosa ) ®F R KW B £ &
HE W ROKF B, G4 B 1578 5K F (Shannon 743X 0.2362. h = 0.2367 . H, = 0.2094) H XK . M 1
ERARE EREREZLZMH, 2R[BEBREE, ETEYE N ER,HEH 250 F o i, HEARBNL
vORENE , KN BAERE T, R OR B RS B8 EREFPILRRZHNEW, RIYCEAIMER
W F AR B BEXERT” o T 22 B 1 R AR 48 0 Rl — B TT DU NI SO R B A BB A R
WEERR™Y, 3—FH,ELRENSMRR BT, FII 7R, 47 75 B A S A MR E
BEEEX/PRHBRER, EMWESEREEEKPEBME Y, AEHERTESEEY 5T H
FER R B T8 12 SR AR,

AN RFEMXKF ERETER (RS, HEEAA FHILHHBERESEERE, T B L AMRK
KHEE, MABEMBROREK, WILEAESAHEREP JEBELHE M, BUE T % 0 8t A 0 8 8
EZ, SHAR, EAKERMERHMBRIANMMBE L MAKZSE2TE MR FHERCFIRILBEY
R IERAIMAE, THRELT LWL, DUESHSIMEREYRNTREZR, AR OAE GRS HFE,
AP FHRICRT B RS AR B LA TESN B B MBEER , AEZMBH RAPD 24
GRNZBHRRETH-SHIE, BERXMBEERIHRR, - REIR/ M BZREFETHEWELK,
MEAEMNZBHERBLER; S —REEE% RN EMEEE S BEE,

BAHEPAFRAMRNBEERARNFERERBNEE I REEESEME, A TFTHEEH
BRERERERESME, TUBNERTIBTREBRAEMNBZELHEMEIB. X—FEEHEN, A
LTt Ak B KR B /AR B B A R B AR T LLTE B S /N R B R A B R BRI B AT REE BT K E /D
FHETRARERENEERESNERSRSIRERER ™, Z-FHEAL, A REHEM A F M
1B BE X4 A1, TAE A AT SR8 B R OE I AR B AR R K &4 B L A B &5 R RAERE £,
H , A REEEEEN &G RFAESMBEENHBEANBR M, 2HRERIABEEHBE
B RK R, XSERDR G EETNHENEFEN N TREETRKFRME BEXRUEITITH
WEHRA X FILFEE HNj(FR 1, B 2) &8 B B0k 2847 B A% o B8 B B0 YL 78 3 0 L0 8% 7 1L b
Xi, E2BRERABRTHZEEEFURY . BE, LFRAKNE,RAPD /3 Finid#k EE2HH, ERWE
WERTERVBNEREERUHZRNIE, MM FHEYMHESENRETHE N ERAERERNE
BUN+AERSY, BEHEEMBBNRE IR EFFEARAAELFRERNAFEEMR RN — &K
BB AR R, BN ABRENERFREURENSEESF O 3BTRS,
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